Function of MAPK and downstream transcription factors in monomer-induced apoptosis.
The resin monomer triethylene glycol dimethacrylate (TEGDMA) disrupts vital cell functions, and the production of oxidative stress is considered a common underlying mechanism. The precise signaling pathways, however, that initiate monomer-induced effects, which disturb responses of the innate immune system, inhibit dentin mineralization processes, or induce apoptosis in target cells in vitro are still unknown. The present study provides insight into the causal relationship between TEGDMA-induced apoptosis and the activation of MAPK and transcription factors downstream using pharmacological inhibitors of the ERK1/2, p38 and JNK pathways. The endotoxin lipopolysaccharide (LPS; 0.1 μg/ml) was included as an inducer of MAPK activity in RAW264.7 mouse macrophages. Cell viability was decreased from 95% in untreated cultures to about 43% after a 24 h exposure to 3 mM TEGDMA. Inhibition of the ERK1/2 pathway by the MEK1/2 inhibitor PD98059 reduced cell viability to 84%. While apoptosis induced by TEGDMA remained unchanged, Western blot analyses revealed that the activation of ERK1/2 in the presence of TEGDMA was inhibited by PD98059. LPS-induced expression of activated transcription factors c-Jun, ATF-2, ATF-3 and phospho-Elk1 was decreased in cells co-treated with TEGDMA. This inhibition was more intense in the presence of PD98059, indicating that the MEK/ERK pathway is involved in the inhibition of the LPS-induced activation of transcription factors by TEGDMA. No clear effects of the p38 inhibitor SB203580 and the JNK inhibitor SP600125 on TEGDMA-induced apoptosis were detected. The antioxidant N-acetylcysteine (NAC) protected cells from TEGDMA-induced cell death, and inhibited the activation of ERK1/2, p38 and JNK by TEGDMA. Moreover, the TEGDMA-induced downregulation of the expression of the transcription factors c-Jun and ATF-2 was prevented as well. In conclusion, physiologically relevant concentrations of inhibitors differentially modified the expression of MAPK and transcription factors in cell cultures exposed to LPS and the monomer TEGDMA. The absence of a drastic effect of the MAPK pathway inhibitors on TEGDMA-induced apoptosis on the one hand, and the protective effect of NAC and PD98059 in particular on TEGDMA-induced MAPK activation and apoptosis on the other hand, leads to a new model for the role of MAPK in the regulation of cell homeostasis in monomer-exposed cells and tissues.